The paper is a contribution to the research on problems of thinnings in mixed (spruce-fir-beech) stands situated in the 5 th forest altitudinal zone (beech with fir) in the central part of Slovakia. The research was carried out on two series of permanent research plots established in 1972. Each of the series consists of three partial plots where one plot was tended by free crown thinning in the framework of whole-area tending. On the second plot a non-whole-area tending was realised while the third ones were left without planned silvicultural treatment as controls. Dynamic changes in tree species composition, stand structure, qualitative and quantitative production including silvicultural analysis of seven thinning interventions were evaluated for a period of 29 years. A special attention was paid to development of future crop trees which are the main bearers of stand quality and quantity. The changes were compared with respect to differences between the plots with whole-area and non-whole-area long-term silvicultural treatment and the control plot (without treatments).
JOURNAL OF FOREST SCIENCE, 52, 2006 (2): 74-91 Mixed spruce, fir and beech stands are an important forest type of forest complexes in higher locations in the Alps and Carpathian Mountains. In Slovakia, the above-mentioned stands take up almost one fourth of the total forest area, i.e. more than 461,000 hectares mainly from the 4 th (beech) to the 6 th (fir with spruce and beech) forest altitudinal zone (HLADÍK 1996) . The advantage of mixed stands in comparison with unmixed ones, especially from the aspect of their stability and/or resistance to injurious factors, has been known for a long time (KONÔPKA 1972; VICENA et al. 1979) . Moreover, in connection with the expected influence of global climate change on forests, the outlines are often found by means of establishment and cultivation of mixed stands. Consequently, at present an effort is aimed at the maintenance and creation of as diverse as possible uneven-aged and spatial structure of forest stands. It can be achieved by the management of forests in correspondence with the principles of forest biodiversity maintenance and/or sustainable forest management. In connection with this, LEIBUNDGUT (1978) and SCHÜTZ (1994) stated that both diverse and individual mixture as well as more complicated stand structure could be created by early and intensive tending only, especially in commercial forests with first-rate wood production role of the forest and/or multifunctional forest management (KORPEĽ 1997) . It is known that management of mixed stands requires more complicated silvicultural measures in comparison with unmixed stands. It can be stated that in other countries greater attention was paid to mixed spruce, fir and beech stands, for instance from the aspect of their establishment (HÄBERLEling and development of trees and stands by means of "growth simulators" (PRETZSCH 1992b; KAHN, PRETZSCH 1997) .
More papers were also published about the tending of mixed spruce, fir and beech stands (ASSMANN 1961; MOLOTKOV 1966; HOCKENJOS 1968; LEIBUND-GUT et al. 1971; ŠTEFANČÍK L. 1977 ŠTEFANČÍK L. , 1990 PAUMER 1978; HLADÍK 1992; ŠTEFANČÍK, ŠTEFANČÍK 2001 , 2002 .
In Slovakia, research on the tending of mixed spruce, fir and beech stands started at the end of the 60's of the last century. For this reason four series of permanent research plots (17 partial plots) were established in localities of the Veľká Fatra Mts. and Low Tatra Mts. in the 5 th (beech with fir) and 6 th (fir with spruce and beech) forest altitudinal zone in natural areas of mixed spruce, fir and beech forests in Slovakia. The results of 30-year investigations in three series of the above-mentioned permanent research plots were published until now (ŠTEFANČÍK, ŠTEFANČÍK 2001 , 2002 . In this paper the changes in stand development on the last of the four above-mentioned series -permanent research plot Stará Píla are assessed. Likewise, it is a follow-up of the results of the first biometric measurement carried out on this plot and published in the past (ŠTEFANČÍK L. 1977) .
The aim of this paper was to find out and assess the changes in tree species composition, stand structure, static stability, qualitative and quantitative production of mixed spruce, fir and beech stand on the Stará Píla permanent research plot (PRP) over a 29-year period of its tending.
MATERIALS AND METHODS
The mixed spruce, fir and beech stand on two series of Stará Píla PRP, established by Prof. Ing. L. ŠTEFANČÍK, DrSc., in the past for research on the problem of silviculture-production relations was chosen as an object of our research. These series of PRP are located in compartments 72 and 74 in the management-plan area Staré Hory, inside the zone of the Forest District Staré Hory, Branch Forest Enterprise Slovenská Ľupča. The plots were established in 1972 in the natural area of mixed spruce, fir and beech stands. Each of the two series of Stará Píla PRP consists of three partial plots (PP) where the trees are numbered and measurement points at breast height of 1.3 m are marked out. On each series of PRP one PP was left without treatment (control plot) and designated as "O". On the second one designated as "H" free crown thinning is applied (ŠTEFANČÍK L. 1984 ) and on the third one designated as "Hn" a non-whole-area tending is applied in the framework of biological rationalisation.
PP on the series of PRP I with the application of whole-area tending have an area of 0.04 ha and the plot with non-whole-area tending 0.08 ha in size consists of 30 circular growth areas (each of 7.065 m 2 ) with triangle arrangement and spacing of the centres of 6 m. The plots on the series of PRP II with whole- area tending have an area of 0.06-0.08 ha and PP with non-whole-area tending 0.21 ha in size consists of 72 circular growth areas of the same size and arrangement as on the series of PRP I. We are aware of the very small area of research plots in comparison with standard one (0.25 hectare), but it was not possible to observe the instructions due to the given terrain configuration. The plots are isolated from each other and from another stand by a 10 m wide tree belt. The series have similar site conditions, but different exposition. More detailed characteristics of the research plots are presented in Table 1 . Since the establishment of the series of PRP, complex biometrical measurements of numbered trees have been carried out on all plots in 5-year intervals in accordance with standard methods that were developed for long-term research on thinnings (ŠTEFANČÍK L. 1977) . In their framework, besides the quantitative parameters (breast height diameter, tree height, crown size at horizontal projection), the trees were also evaluated according to the silvicultural and commercial classification with orientation on the trees of selective quality (promising and crop trees). Since the establishment of PRP, seven biometrical measurements have been carried out and simultaneously thinning treatments have always been performed on the treated plots. From a rationalisation point of view, the method of promising trees and/or the method of crop trees on the plots with non-whole-area tending was applied. The first-rate results related to both diameter and height and/or qualitative structure on this PRP were published by ŠTEFANČÍK L. (1977) and PAUMER (1978) .
Experimental material was processed by common biometrical and statistical methods according to presented standard methods for research on thinnings (ŠTEFANČÍK L. 1977) . Statistical significance of differences in arithmetical means of values was tested by Student's t-test.
At the end of 1993 and at the beginning of 1994, both series of PRP were afflicted by snowbreak. Consequently, an inventory after the mentioned event was carried out with the aim to find a decrease in the number of trees due to breaks and windthrows, as well as changes in tree species composition, stand structure and/or silviculture-production parameters. Ascertained data were processed together with the 6 th biometrical measurement carried out in 1998 .
In this paper we assessed the first measurement carried out in 1974 (at stand age of 17-21 years) and the last measurement in 2003 (at stand age of 46-50 years) in order to compare changes in the investigated parameters on PP for the period of almost 30 years.
RESULTS AND DISCUSSION

Tree species composition
Percentage proportions of tree species according to the basal area (G) on Stará Píla PRP are presented in Fig. 1 . At the initial stage of our research in 1974 the proportion of coniferous trees ranged from 50-83% on series I, while it amounted to 80-85% on series II. According to the tree species (except for plot I-O and II-H), the highest proportion was found on all plots for fir (55-69%), followed by spruce on series II (20-56%), beech on series I (17-50%) and (14-20%) on series II, and finally spruce on series I (2-16%) and sycamore maple (more than 1%).
After 29 years, the proportion of coniferous trees markedly decreased by 7-28% (except for plot I-H, where left unchanged). This decrease was caused especially by a reduction in the fir proportion to 4-36% on all plots. On the contrary, an increased proportion was found for broadleaved tree species, especially for beech by 7-26%, and the proportions of sycamore maple and other broadleaved trees (European mountain ash, whitebeam, goat willow) also increased on plots of series II.
A comparison of actual tree species composition with developmental objectives for the given site conditions according to HANČINSKÝ (1972) showed that the plots on series I slightly differed from the required composition by a higher fir, and especially beech proportion to the detriment of spruce and sycamore maple. On series II the actual tree composition corresponded to those developmental objectives, only the proportion of beech was higher to the detriment of Scotch elm.
The above-mentioned, almost 30-year changes were caused by various factors. Apart from silvicultural interventions, it is necessary to remind of the snow damage suffered on both series of PRP at the stand age of 36-40 years. The damage was caused by weather conditions in December 1993, especially by a heavy fall of snow during the last ten days of that year. The adverse snow effects resulted in top breakage of trees, windthrows and tree deformation, with prevailing broken trees in the lower part of the crown and trunk, which deteriorates wood raw material and threatens the forest hygiene on a large-scale (KORPEĽ 1994) .
The snow damage analysis on Stará Píla PRP showed that the plots on series II were damaged to a greater extent in comparison with the plots on series I, whilst spruce and Douglas fir were found to be the most injured tree species, contrary to beech with the lowest damage. In addition, another significant result was that damage on the plots without treatment was much greater than on the plots with systematic treatment . The influence of global climate change could also be considered as another cause of tree species composition changes in favour of beech. Its impact is already visible and more notable effects are expected during the next decades (MINĎÁŠ, ŠKVARENINA 2003) . In the framework of the above-mentioned changes a vertical shift in the occurrence of some tree species towards a higher elevation is also assumed. Consequently, the occurrence of beech trees should be shifted to the detriment of the area covered by spruce towards higher locations. Our long-term (30 year) investigations carried out also in other PRP situated in mixed spruce, fir and beech stands have confirmed the above-mentioned trend so far.
In terms of fir decline or its increased dieback it can be stated that the above-mentioned phenomenon was found in numerous countries in other decades (KRAMMER 1982; ENCKE 1982; MÁLEK 1983; KORPEĽ 1985; BECKER, LÉVY 1988) . The most frequent causes are climate change, especially drought and lack of precipitation, followed by abiotic factor damage as well as insect pests, fungal diseases and root decay. A lot of papers considered the widespread fir dieback to be due to air pollution (ENCKE 1982; KRAMMER 1982) but opinions related to inadequate management of forests with fir admixture were also presented (SCHÜTT 1981; HANČINSKÝ 1983; KORPEĽ 1985) .
Stand structure
Stand structure was expressed by relative frequency according to the growth (tree) classes or by the percentage proportion of trees at the crown level of the stand (1 st + 2 nd growth class) and at the suppressed level of the stand (3 rd to 5 th growth class) on all plots. It must be stated that in the initial stage of our research (in 1974) the stands were in the stage of thicket, i.e. the trees were sorted into the three height classes (upper, intermediate, lower) according to relative height position.
The results presented in Figs. 2 and 3 show the differences between series I and II of PRP as well as between tree species at the beginning of our research. For spruce and fir a higher proportion was found at the suppressed level of the stand on series I of PRP, while at the crown level of the stand on series II of PRP. On the contrary, beech showed a minimal pro- and diameter analysis of the above-mentioned plots at the stage of thicket. After the 29-year period the proportion of spruce on both series (except for plot portion at the suppressed level of the stand on both series of PRP. These results correspond with those published by PAUMER (1978) related to the height I-H) was higher (62-100%) at the crown level of the stand. As for fir, a higher proportion was found at the suppressed level of the stand (52-70%) on series I, while on series II it was more or less balanced. Beech had a higher proportion at the suppressed level of the stand (57-69%) on both series of PRP (except for plot I-Hn).
Described changes in tree (species) proportions at the given level of the stand after the period of investigations occurred due to treatments, height shift in the framework of stand development as well as the snowbreak disaster. The analysis of damage by snowbreak showed the highest proportion of spruce at the crown level of the stand on both series before the event. The second place was taken by fir, the proportion of which was higher at the crown level of the stand on series II in comparison with beech and vice-versa on series I (with the same validity for both treated and control plots). The proportion of tree species at the crown level of the mixed stand was changed after snowbreak. On treated plots, the proportion of spruce decreased by 15-22% at the crown level of the stand, while it was by 25% and 6% on control plots. As for fir, the proportion at the crown level of the stand was changed minimally on all plots. An increase in the proportion of beech at the crown level of the stand was small on treated plots and it was almost unchanged on control plots. It is to note that on less damaged series I the proportion of beech at the crown level of the stand was higher in comparison with series II (ŠTEFANČÍK I. 1999). These results correspond to knowledge published by VICENA et al. (1979) concerning the "consistence" effect of beech, especially in terms of its occurrence at the crown level of the stand.
From the aspect of long-term development of the investigated stands it can be stated that except for beech on both series of PRP and spruce and fir on series II, a small increase in the proportion of the above-mentioned tree species at the crown level of the stand was found after 30 years. Similar development was also found on other PRP in mixed spruce, fir and beech stands (ŠTEFANČÍK, ŠTEFANČÍK 2001 , 2002 .
Development of qualitative production
by the method of crop trees Table 2 documents the development of the trees of selective quality -TSQ (promising trees and/or crop trees) which are the objective of forest managers' silvicultural interest as main bearers of stand quality and quantity as well as from the aspect of ecological stability. We point out that the TSQ were selected on the basis of an elaborated criterion (ŠTEFANČÍK L. 1977) in the phase of pole-stage stand, so that an assessment of their development is considered as a little short from the time aspect. It can be seen that in the last measurement the number of TSQ was 380 and 268 individuals per hectare on the plots with whole-area tending (H), 1,038 and 864 individuals per hectare on the plots with non-whole-area tending (Hn), and 249 and 252 individuals per hectare on control plots, respectively. The proportion of showed an adequate number of TSQ, even higher for non-whole-area plots. As for the tree species composition of TSQ (Fig. 4) , the highest proportion was found on series I for fir (48-52%), except for the control plot where it was beech (51%). Except for plot II-Hn, spruce was the species with the highest proportion of 54% on series II. Beech showed the lowest proportion of TSQ out of the three principal species on all plots of series II (9-26%) as well as on plot I-Hn (18%). Only on two plots (I-H and I-O) the proportion of beech out of the TSQ was 37% and 51%, respectively, i.e. in accordance with the abovementioned model developed for mixed stands, which indicates for beech a proportion of 30-50% depending on the variant. Presented results correspond to our findings on other plots in mixed stands where the proportion of the TSQ out of the main stand growing stock ranged from 53-74% on tended plots of Korytnica PRP, 54-58% on Motyčky PRP and 47% on Hrable PRP. Similar results were found out on control plots of the above-mentioned series of PRP: 40-42%, 32% and 22%, respectively (ŠTEFANČÍK, ŠTEFANČÍK 2001 , 2002 .
As for the tree species composition of TSQ it can be stated that their actual state is a little different from the model on some plots or it did not achieve the assumed proportion of at least 30%. On the other hand, the number of TSQ is adequate for the given growth phase as well as in accordance with the model or it even exceeds it many times (plots with non-whole-area tending). In spite of the snow damage in the course of stand development, we assume that the production objective on investigated PRP will be achieved.
The cultivation of TSQ is important not only from silvicultural aspects but also from the aspect of stand stability because crop trees are the trees forming the core of the stand. It was already confirmed by research in the past that the most favourable results from the aspect of stand stability were achieved in stands with long-term cultivation by the method of crop trees (KONÔPKA 1992; ŠTEFANČÍK I. et al. 1999; ŠTEFANČÍK, ŠTEFANČÍK 2001 . Growth para-meters of the crop trees of tended plots together (designated as H) and control plots (designated as O) are presented in Table 3 . As it can be seen, however, only 15-year results showing almost all changes during this period were always significant on tended plots. In addition, very interesting seems to be the fact that practically no differences between the slenderness coefficients on control plots and tended ones were found. We explain it by the fact that after snowbreak a smaller number of crop trees remained on control plots in comparison with tended ones, and only the highest trees and the trees with largest diameter remained on control plots while on the other plots we were forced to select as crop trees (taking into account the quality criterion of course) also the trees of smaller size (diameter, height). It was also confirmed (Table 3 ) by the other parameters that were a little more favourable on control plots in comparison with tended ones. Owing to the stand age we assume in this respect that more favourable results should also be achieved in future by the method of systematic tending. Table 5 .
Development of quantitative production
It follows from the presented data that in most cases the values of N, G, volume of timber to the top of 7 cm o.b. (V 7b ) were higher on plots of series I in comparison with series II. It was due to more intensive treatments on series II over the period of investigations as well as to a decrease in the number of trees by self-thinning (Table 6) and especially in consequence of the above-mentioned snowbreak, which caused greater damage on plots of series II. This development corresponds to total decrease on the given PRP recorded for the 29-year period of investigations (Table 7) .
As As for self-thinning expressed by the percentage decrease out of the total production (TP), the highest values were found on control plots (I-O and II-O): N 77.2 and 63.7%, and G 8.4 and 8.8%, finally (V 7b ) 2.0 and 3.0%. The order of species according to the percentage decrease out of the TP was as follows: fir, spruce, other broadleaved tree species and beech. The same trend was already found on our above-mentioned research For explanations see Table 2 , N -number of trees per hectare, G -basal area per hectare For explanations see Table 2 , N -number of trees per hectare, G -basal area per hectare plots (Motyčky PRP and Korytnica PRP) as well as it was published by other authors (ŠTEFANČÍK, ŠTEFANČÍK 2002 KANTOR et al. 2002; KLÍ-MA, HUBENÝ 2002) . The evaluation of total decrease over 29 years according to N, G and V 7b (Table 7) did not show any differences between tended and control plots. It may be explained by different tending intensity on tended plots, and by different snow damage on plots. However, as for the order of tree species (according to the percentage of TP) unambiguously the highest reduction was found for fir again, followed by spruce and other broadleaved tree species. On the other hand, the lowest decrease was registered for beech.
Total production after 29 years of investigations on tended plots ranged from 56.01 to 72.67 m /ha, respectively. As for the trend of total production over 29 years, in the framework of tree species we found out the highest values for beech and Douglas fir and the lowest for fir, which corresponds to results on Motyčky PRP and partially also on Korytnica PRP (ŠTEFANČÍK, ŠTEFANČÍK 2002 .
Silvicultural analysis of thinnings
During the 29-year period of investigations, seven interventions in total were carried out on tended plots in an interval of 4 years between the 1 st and 2 nd treatment, and 5 years between the other ones. Silvicultural analysis showed that at the first thinning at the stand age of 17-21 years the thinning intensity (according to G) was 7.0%, on plot I-Hn even 46.0%, and the whole intervention was carried out at the crown level of the stand (its upper layer). The intensity of the 2 nd treatment ranged in the interval of 7.5-9.7% with the proportion at the crown level of the stand 61.2-80%. Further decrease (windthrow), For explanations see Table 2 , TP -total production negative stem and sanitary selection accounted for the remaining percentage. The third treatment was carried out at the intensity of 1.1-4.2%, being focused on positive selection at the crown level of the stand, with the proportion of 66.7-100% and further decrease (windthrows). At the 4 th intervention the treatment intensity ranged from 8.1 to 23.5%. At this intervention, i.e. at the stand age of 31-35 years, all kinds of selection were already applied, namely positive selection at the crown level of the stand (75-94%), positive selection at the suppressed level of the stand (1.1-18.5%), negative stem selection (0.5-4.5%) and negative sanitary selection (less than 4%). Of course, at this treatment further decrease (windthrows) was also recorded, its proportion was less than 4.4% out of the total treatment. The 5 th treatment was characterised by the intensity of 2.2-9.0%. As for its location in the stand profile, an increased proportion of positive selection at the suppressed level of the stand (7.0-38.5%) was For explanations see Table 6 found and on plot I-H also a negative stem selection (19.2%) in comparison with previous treatments. The highest proportion was taken by positive selection at the crown level of the stand (42.3-90.4%).
A relatively higher proportion of further decrease due to windthrows and stem breaks (9.6-34.6%) was registered on series II and even 100% on plot I-Hn due to felling by the practice. To analyse the 6 th treatment we have to take into account the fact that a year after the 5 th treatment both research series were damaged by snow. It resulted in a decrease in the number of trees, expressed by treatment intensity 4.4-25.3%, as well as in a higher proportion of further decrease (26.7-100%). Nevertheless, in spite of different damage on individual plots , it was necessary to realise an intervention on some plots, but its intensity was significantly lower. Due to the treatment a positive intervention at the crown level of the stand accounted for 3.9-27.2% out of the total decrease followed by negative stem selection (3.5-37.2%), but positive selection at the suppressed level of the stand was carried out only on plot I-H (proportion 8.9%). The analysis of the 7 th treatment showed partial regeneration after snowbreak and thinning intensity ranged from 3.5% to 4.7%. The highest proportion was found for positive intervention at the crown level of the stand (85.7-100%), followed by positive intervention at the suppressed level of the stand (10-11%).
It can be concluded that thinning intensity (expressed by G) on all plots (except for the 1 st treatment on plot I-Hn) and except for the 4 th and 6 th treatment did not exceed 10% (Fig. 6 ), which should be considered as a low intensity. Actual research outcomes especially for deciduous trees recommend more intensive treatments mainly at the young stand age in order to ensure the static stability of stands (VICENA et al. 1979; ŠTEFANČÍK I., KAMENSKÝ 1999) . From silvicultural aspects very important knowledge is that static stability against snow can be influenced the most markedly in initial growth stages (PAŘEZ 1972; VICENA et al. 1979) , namely by intensive treatments up to the stand age of 20-30 years (JURČA, CHROUST 1973; SLODIČÁK 1987) . These opinions are in accordance with the statement of MOLOTKOV (1966) . He recommended the thinning intensity of the first treatment performed in mixed spruce, fir and beech stands to be 15-30% of the growing stock and subsequent interventions with the intensity of 10-20%. Our results showed lower values especially at the first three interventions, when the treatment intensity (according to V 7b ) did not exceed 5% on Stará Píla PRP and later it ranged from 0.5% to 22.4%. These results are also in accordance with recommendations by KORPEĽ (1995) , who suggested that across the thinning methods the variants of crown thinning with positive selection (method of candidate or crop trees) should be consistently carried out. As for the thinning intensity, the cited author states that thinning intensity lower than 10% of the growing stock with thinning interval of 5 years results in the equalisation of stand structure and one-layer constitution of stand within a strong horizontal canopy, as well as in a decline or dieback of admixed tree species, especially fir.
Based on the presented results found also on other research plots (Korytnica, Motyčky, Hrable PRP) established in mixed spruce, fir and beech stands it can be stated that one, more intensive treatment (15-25%) could be enough for a period from 7 to 10 years, as for the thinning intensity and interval. It is also in accordance with our previous results (ŠTEFANČÍK, ŠTEFANČÍK 2002 .
CONCLUSION
The evaluation of 29-year changes in the tree species composition, stand structure and stability, qualitative and quantitative production of approximately 50-year mixed spruce, fir and beech stand, located in the 5 th forest altitudinal zone on a fertile site, brought the following results: -In the initial stage in 1974, the proportion of coniferous trees ranged from 50 to 83% on plots of series I, and from 80 to 85% on plots of series II. According to the tree species on all plots (except for plots I-O and II-H) the highest proportion was found for fir (55-69%), followed by spruce (20-56%) on series II, beech (17-50%) on series I, beech (14-20%) on series II and finally spruce (2-16%) on series I and sycamore maple (more than 1%). After 29 years, a marked decrease in the proportion of coniferous trees by 7-28% was found on all plots (except for plot I-H, which remained unchanged). This decrease was caused especially by fir whose proportion decreased by 4-36% on all plots. On the contrary, an increased proportion of broadleaved tree species, especially of beech by 7-26%, and on plots of series II also an increased proportion of sycamore maple and other broadleaved tree species (European mountain ash, whitebeam, goat willow) were recorded. -In the initial stage, the proportion of spruce and fir at the suppressed level of the stand on plots of series I was higher, contrary to series II. The proportion of beech was found minimal at the suppressed level of the stand on both series. After the 29-year period the proportion of spruce was higher at the crown level of the stand (62-100%) on both series (except for plot I-H), a higher proportion of fir was found at the suppressed level of the stand (52-70%) on series I, while on series II it was more or less balanced. As for beech, a higher proportion was found at the suppressed level of the stand (57-69%) on all plots (except for I-Hn). -The number of the trees of selective quality (TSQ), i.e. promising trees and future crop trees, was 380 and 268 individuals per hectare on plots with whole-area tending (H), 1,038 and 864 individuals per hectare on plots with non-whole-area tending (Hn), and 249 and 252 individuals per hectare on control plots (O). The proportion of the TSQ out of the main stand growing stock ranged from 41 to 76% on tended plots, and between 26 and 32% on control plots. As for the tree species composition of TSQ, the highest proportion was found for fir (48-52%) on series I, and for beech (51%) on the control plot. On series II, spruce was the species with the highest representation (54%) except for plot II-Hn. On all plots of series II, beech accounted for the lowest proportion out of the TSQ of the three principal species (9-26%), and also on plot I-Hn 18%. -In the initial stage of research the number of trees (N) was higher on series I (22, 943 /ha, respectively. As for a trend of total production of particular tree species over 29 years, we found the highest values for beech and Douglas fir and the lowest for fir.
-The silvicultural analysis showed that the treatment intensity (according to G) on all plots (except for plot I-Hn at the 1 st treatment), as well as at the 4 th and 6 th treatment did not exceed 10%. The treatment intensity at the 4 th treatment ranged from 8.1% to 23.5%. Before the 6 th measurement, both series of PRP were affected by snow damage, which resulted in a decrease in the number of trees, and treatment intensity (4.4-25.3%). The most intensive treatment was carried out by positive selection at the crown level of the stand and the lowest by negative stem selection or sanitary selection.
